Background: Migraine is one of the most common neurological disorders in clinical practice and is a substantial cause of disability worldwide. Current approaches to therapy are primarily based on medication but are often limited by inadequate effectiveness and common side effects. Newer, more effective medications are expensive. Mindfulness-based stress reduction (MBSR), an 8-week classroom-based meditation intervention, is inexpensive, has no known side effects, and has demonstrated clinically meaningful effectiveness for several chronic-pain syndromes. In addition, MBSR has shown promising results for migraine therapy in a few small case studies and pilot studies. We present here the protocol for a two-arm randomized controlled pilot trial of MBSR for moderate-to-severe episodic migraine, which, if successful, will form the basis for a fully powered clinical trial.
Background
Migraine, one of the most common neurological disorders in the U.S., is ranked among the top 20 causes of disability worldwide [1] [2] [3] . Migraine is currently one of the leading causes of disease burden for women aged 15-44 years and affects an estimated 11% of the adult population globally, with a strong female predominance [1] [2] [3] [4] . The most common approach to therapy is generally focused on pharmaceutical management, which is often limited by insufficient efficacy and frequent side effects. The newest class of migraine-preventive drugs, the calcitonin gene-regulating peptides, while promising, are very expensive and not consistently beneficial for a substantial proportion of the migraine-affected population [5] . Because stress is a common precipitant of migraine episodes, it is rational that a stress-reducing intervention may favorably affect the course of migraine headache [6, 7] .
Mindfulness-based stress reduction (MBSR), created in 1979 by Jon Kabat-Zinn at the University of Massachusetts Medical Center, is an 8-week classroom-based intervention that combines mindfulness meditation, yoga, stress psychology and physiology, neuroscience, experiential education, and a group process. Several studies have been published regarding the effects of MBSR on a variety of medical conditions such as chronic pain and mental health [8, 9] . MBSR is inexpensive, can be delivered in a group format, and has no known adverse effects. MBSR has appeared promising in two small case studies and three pilot trials as an effective treatment for moderate-to-severe episodic migraine [10] [11] [12] [13] [14] . In particular, one pilot trial of MBSR for patients with episodic migraine found promising outcomes related to the intervention, providing important impetus for future research [11] . Thus, more rigorous and large-scale clinical trials are needed to test the effectiveness of mind-body interventions such as yoga and meditation in improving not only migraine-related pain but mental health outcomes and quality of life for migraineurs. If MBSR is found to be an effective adjunctive therapy for migraine compared to usual care, providers will have an additional safe and inexpensive preventive-treatment option to offer their patients.
We present here the protocol for a two-arm randomized controlled pilot trial of MBSR for patients with moderate-to-severe episodic migraine headaches. The trial is currently in progress. Should this research prove that it is possible to recruit to a trial of community-based MBSR classes and that the treatment is acceptable to participants, the experience gained from this trial will be used to design and implement a fully powered phase III trial with the objective of testing a low-risk intervention to assist patients who suffer from this often debilitating disorder. As this study contains all the elements of a fully powered trial, but with a single site and smaller sample size, it can be classified as a pilot study [15] .
This randomized controlled pilot trial (the Mindfulness and Migraine or M&M study) is designed to assess the achievability and acceptability of an 8-week community-based MBSR intervention for patients with moderate-to-severe episodic migraine. The feasibility outcomes include ability and time required to recruit, adherence to the MBSR treatment, and ability to measure outcomes using 31-day headache diaries and patient-reported questionnaire data. Although we are not measuring efficacy, we will collect clinical outcome data to show the feasibility of our data collection methods. The primary clinical outcome is the change from baseline in headache frequency at 4 months derived from headache diaries. Secondary outcomes include change in headache frequency at 8 months post-randomization and other headache-related measures including headache pain, disability, quality of life, and mental health.
Methods/design
This study is a single-center, parallel, randomized, partially blinded, controlled pilot study (Fig. 1) , designed to assess the feasibility of conducting a fully powered effectiveness randomized controlled trial.
Setting and participants

Clinical sites
All in-person study recruitment and randomization activities take place at the Palo Alto Medical Foundation Research Institute in Northern California. Participants are recruited from three sources: (1) the Palo Alto Medical Foundation, which is a Sutter Health affiliate; (2) Kaiser Permanente Northern California Redwood City Medical Center; and (3) the greater Palo Alto community. Sutter Health is a large not-for-profit integrated health system in Northern California with five health foundations and 24 hospitals serving more than 3 million patients annually. Palo Alto Medical Foundation, the largest of the five medical foundations, is in Palo Alto, California, and serves approximately 1 million patients annually. Kaiser Permanente Northern California is a large integrated health plan with 4.1 million members. Both Sutter and Kaiser use EpicCare® for their electronic health record (EHR) system. Although most patients are initially identified from the EHR in both systems, the workflow for patient recruitment is different for the two entities due to different regulatory requirements (see details below).
Eligibility criteria
Participants are adults with moderately severe migraine headaches who meet the eligibility criteria detailed below. A log of potential participants who decline to enter the study or who are deemed ineligible is kept to judge the representativeness of those who consent to be randomized, consistent with CONSORT guidelines [16] .
Inclusion criteria
1) Age at least 18 years old 2) Moderate-to-severe migraine headaches, defined as baseline headache frequency of 4-14 headache days per month (over a period of 31 days as determined by the headache diary completed as part of the runin period)
Exclusion criteria 1) Has practiced MBSR or another meditation technique in the past 6 months (daily prayer is not considered a regular meditation practice) 2) Chronic migraine (i.e., > 14 headache days per month). 3) Cognitively or emotionally impaired 4) Pregnant 5) Inability to speak or write in English 6) Started or changed migraine medication (abortive or prophylactic) in the month prior to randomization 7) Incomplete run-in headache diary 8) Insufficient availability to attend an approved community-based MBSR class
Recruitment
Multiple recruitment strategies were employed for two reasons. First, we recruited from two different health-care systems with different regulatory requirements to maximize the generalizability of our recruitment strategies. Second, different recruitment strategies were used to give a better understanding of the advantages and challenges of the optimal recruiting techniques for this population in preparation for a larger trial.
Recruitment at the Sutter Health site
The Sutter institutional review board (IRB) requires active permission from providers for the recruitment of patients into this study. Potentially eligible patients are identified using an EHR-based electronic migraine probability algorithm previously developed and validated by our group [17] . The criteria for active recruitment include a score > 10 from the migraine probability algorithm and an encounter with the site for migraine in the previous 12 months. Providers are given invitation letters for each patient identified and asked to sign those whom they approve. Study personnel then retrieve and mail the signed letters. Each invitation letter contains a return postcard and gives a toll-free number. If patients return the postcard asking to be contacted or they leave a message on the study phone line, the study coordinator calls them for a preliminary screening.
Recruitment at the Kaiser Permanente site
Patients with a history of migraine headache are identified from the EHR. The charts of a random sample of these patients are reviewed by the site's principal investigator to identify those who have clear evidence of migraine and no EHR-identifiable exclusion criteria. The primary-care physicians for these patients are then contacted and, if there are no objections, each patient is mailed a recruitment letter with an opt-out postcard.
Those patients who contact the Kaiser study center are called immediately. Those who do not contact the Kaiser study center and have not returned an opt-out postcard are contacted by phone 3 weeks after the letter is mailed. If a patient passes the telephone screen and expresses interest in participating, their contact information is given to the Sutter Health project coordinator, who contacts the patient and arranges an in-person assessment.
Community-based recruitment
Several methods are used for community recruitment, including posting flyers at local coffee shops, train stations, and grocery stores. The study is also posted on clinicaltrials.gov (NCT02824250).
Randomization
Prior to the start of the study, a balanced, blocked randomization list was generated using Stata v14.0 using variable block sizes of 2, 4, and 6 [18] . From the list, a research assistant not affiliated with the study translated the allocation numbers into groups and placed each allocation into an opaque envelope, labeled with a sequential study identifier. The envelopes were then sealed and transferred to the study site. When each potential participant returns to the clinic with their completed run-in diary (see below), the study staff member verifies their eligibility. If all study eligibility criteria are satisfied, the study staff member opens the next envelope in the sequence and reveals the group assignment to the participant.
Blinding
Full blinding is not possible for this trial. Study staff who interact closely with patients (e.g., by identifying and scheduling MBSR classes, or performing the randomization) are not blinded. Investigators, statisticians, programmers, and study staff who collect outcome measurements remain blinded to participant treatment assignment until the primary analyses are completed. If a serious adverse event occurs, the study physician (AA) can be unblinded as necessary.
Study intervention
Participants in the active-treatment group attend a group MBSR class that follows the established protocol for the MBSR intervention as developed by Kabat-Zinn and colleagues at the Center for Mindfulness, University of Massachusetts Medical School [19] . These classes comprise weekly 2.5-h group sessions and a 1-day weekend retreat conducted by a trained MBSR teacher. As this study is designed as a pragmatic trial, participants attend a community-based class for which the instructor and the curricula have been vetted by the study MBSR expert (RS). There are numerous class options for participants within and outside the participating health systems and participants are free to choose any of the approved classes that best matches their availability. The cost of the MBSR classes is covered by study funds. A participant is considered to have successfully adhered to the intervention if they attend at least five of the eight weekly sessions and the 1-day weekend retreat (attendance records are provided by the MBSR instructors). The active treatment is in addition to usual care. The fidelity of the instructor to the vetted curricula was not monitored because of the large number of class options and the potential for such monitoring to become burdensome or intrusive.
Participants randomized to the control arm will continue with their usual activities and complete the study data-collection activities on a schedule identical to that of the MBSR-allocated participants. After the 8-month study period has passed, control-group participants are offered the opportunity to enroll in one of the approved community-based MBSR classes with costs covered by study funds (i.e., a wait-list control).
Outcome measures
There are two sets of outcome measures for this pilot trial: those relevant to the feasibility objectives (recruitment and intervention adherence) and those relevant to the effectiveness of the MBSR intervention. Explicit criteria for judging the success of the proposed trial methods have been established a priori. Study methods will be deemed successful within each of the following attributes:
Recruitment: Enrollment of at least 60 participants within any 36-week period or enrollment of at least 18 participants within any 9-week period. Intervention adherence: At least 80% of interventionallocated participants completed at least five of the eight weekly MBSR classes and the 1-day weekend retreat. Primary effectiveness outcome: The primary outcome for assessing the clinical effectiveness of the MBSR intervention is the change in frequency of migraine episodes from baseline as measured by a 31-day headache diary at 4 months. Secondary effectiveness outcomes: Secondary measures of intervention effectiveness were selected to capture specific clinical and quality-of-life attributes that may be affected by the MBSR intervention. All secondary outcomes described below are collected and managed using Research Electronic Data Capture (REDCap) tools hosted at Sutter Health [20] . REDCap is a secure, web-based application designed to support data capture for research studies, providing (1) [22] , supplemented with additional instruments to assess specific domains and for compatibility with prior migraine trials. All instruments are self-administered, and the total respondent burden was kept to less than 30 min. All instruments have undergone psychometric testing and have been found to be acceptable in terms of internal consistency, content validity, concurrent validity, and test-retest reliability. The instruments are summarized in Table 1 .
Notes Regarding the non-NINDS/non-PROMIS measures
Reduced work productivity is a major consequence of poorly treated migraine and an outcome that may be amenable to a mind-body intervention such as MBSR. To measure this construct, we use the well-validated Work Productivity and Activity Impairment instrument (WPAI), which is widely used in the work productivity literature [23] and has been advocated specifically for use in migraine studies [24] . The Perceived Stress Scale (PSS-10) is the most widely used instrument for assessing perceptions of stress and has been used successfully in prior studies of meditation [25, 26] . The Mindful Attention Awareness Scale (MAAS) was developed as a global measure of mindfulness and has been successfully validated for use in clinical studies [27, 28] .
Medication use
Data are collected on the use of analgesics and migraine-specific preventive and rescue medications using the 31-day headache diaries at all visits. There are no study medication restrictions; the protocol does not attempt to influence medications prescribed by the participants' physicians. Medication use by all participants is tracked with questionnaires and by extracting all dispensed prescription medications from the EHR of both health systems.
Actigraph
Each participant is asked to wear an actigraph (GENEActiv™ accelerometer; Activinsights, Kimbolton, Cambridgeshire, U.K.) on their wrist for 2 weeks at baseline and for 2 weeks at the 3-month visit. The actigraphy data (an exploratory outcome) is collected for objective assessments of sleep quality in both groups.
Closeout interviews
We will conduct a single focus group with a random sample of participants who completed all phases of the study to gain a better understanding of the qualitative aspects of the trial and to learn about participants' experience with their MBSR classes and which aspects of the trial were particularly successful and which could be improved. In addition, we will individually interview up to 10 participants who did not complete the study to gain a better understanding of personal barriers to successful completion. 
Clinic procedures and assessment schedule
This trial includes a telephone screening call, an eligibility screening visit, a 1-month (31-day) run-in period, a randomization visit, then an 8-month follow-up period that includes four in-person visits. The content of each assessment is described below, and the timing described in the Spirit figure (Additional file 1; Fig. 2 ). The workflow of randomized participants is illustrated in Fig. 1 .
Telephone screen
All potentially eligible patients who are interested in the study are screened by telephone interview. The telephone screen informs potential participants about the trial, answers any potential questions, and determines whether participants meet telephone-assessable inclusion and exclusion criteria. Study staff track and record information in a recruitment log on every telephone screen conducted. If the potential participant meets the preliminary eligibility criteria based on the telephone screen, they may continue the study eligibility process with an in-person first screening visit.
Initial assessment
The initial assessment takes place over a 31-day run-in period. This multi-component procedure evaluates a potential participant's study commitment and confirms their eligibility. This process includes a first screening visit and an enrollment and randomization visit.
First screening visit
The first screening visit is scheduled during the telephone screen and takes approximately 1 hour. At this visit, all eligibility criteria are reviewed and validated, and the potential participant's commitment and availability are assessed. Potential participants who meet the initial study criteria are given a copy of the informed consent form, and the study staff reviews the document with them. If they agree to and sign the consent form, they are invited to begin the run-in period. This screening visit is conducted by a study coordinator who is trained in both clinical trials and in MBSR.
Run-in period
Consented participants begin the 31-day run-in period prior to randomization. Patients in this phase complete a daily headache diary containing five questions related to headache frequency and severity, and medication use. Participants are also given an actigraph to wear for the first 14 days of the run-in period.
Enrollment and randomization visit
Participants who record between 4 and 14 headache days during the run-in period are eligible to proceed to randomization. Study participants are randomized into one of two study arms: (1) the MBSR intervention plus usual care or (2) usual care alone. Participants complete questionnaires regarding their health and headaches, which take less than 30 min to complete.
Intervention period
Participants randomized to the MBSR arm are registered to attend a public MBSR class. In most cases, there is a waiting period of up to 3 months before the class begins. The 8-month follow-up period begins on the official first MBSR class date. Participants have the option to conduct the intervention-period study visits virtually.
Follow-up visits
Three months after the start of the MBSR classes, participants attend for a follow-up visit and are asked to wear the actigraph again for 14 days. We collect any feedback on the MBSR class for those in the intervention arm. The second headache diary (for measurement of the primary study outcome) is provided. Four months after the start of the MBSR classes, participants attend for a follow-up visit. They return their actigraph and the second headache diary, and complete the online questionnaires. They are also asked about any adverse events.
Six months after the start of the MBSR classes, participants attend for a follow-up visit. They return their third headache diary and complete the online questionnaires. They are asked about any adverse events.
Eight months after the start of the MBSR classes, participants attend for a follow-up visit. They return their fourth and final headache diary and complete the online questionnaires. They are asked about any adverse events. Participants in the control group are offered the MBSR course, and all participants are asked if they would be willing to take part in a focus group.
Retention and adherence to MBSR
For each follow-up visit, telephone calls are made to arrange a visit time. The study research assistant will make phone calls until the participant is reached and an appointment is scheduled. After the follow-up window is closed, if the participant has not been contacted, or they have asked to be dropped from the study, the participant is marked as a withdrawal.
The teachers of the individual MBSR classes are asked to handle absenteeism as usual, and provide attendance records for their students in this study.
Compensation
Participants are compensated $25 for completing the 4-month data collection, $50 for the 6-month data collection and $100 for the 8-month closeout data collection. Among those individuals who complete all aspects of the study, we will randomly select 15 participants to take part in a focus group for which an additional $100 will be given.
Statistical procedures Sample size
The sample size of approximately 60 participants for this pilot study was determined in collaboration with the funding agency and was felt to be large enough to gauge whether the community-based classes would be feasible for a full-scale clinical trial intervention. This sample will allow us to estimate an adherence rate of 0.8 with confidence limits ±0.1 around the point estimate.
Statistical analysis
As a pilot trial, the feasibility objectives are central and are focused on recruitment, retention, intervention adherence, and data collection. Recruitment rates are calculated as the mean number of participants enrolled into the trial per week divided by the mean number of patients screened per week. In addition, we examine success in meeting the stated recruitment goals described above. Adherence to the intervention is measured dichotomously (as the proportion satisfying the noted adherence definition) and as the distribution of the proportion of all classes completed. Data-collection success rates are estimated by calculating the proportion of all forms fully completed by participants who remain in the trial (i.e., who have not withdrawn), and the proportion of all forms that should have been completed if retention and data collection were 100%. No formal tests of intervention effectiveness are planned, given the intentionally underpowered pilot nature of the study [29, 30] .
Data and safety issues Adverse events
At the 4-, 6-, and 8-month visits, participants are asked about any untoward medical events that have occurred since the prior visit, as well as emergency department visits and hospitalizations. Details of all adverse events are recorded and the study physician (AA) will assess each event for seriousness, severity, attribution, and preexisting status, and whether the participant's continued activities in the trial should be modified or terminated. All adverse events are followed until resolution or the end of the participant's follow-up period. All serious adverse events and unanticipated problems are reported according to IRB mandates, funding institute directives, and data and safety monitoring board (DSMB) requirements. Non-serious adverse events are reported to the local IRB annually and at all formal meetings of the DSMB.
Data and safety
A DSMB is constituted for this pilot trial, consisting of one experienced clinical trialist, a migraine clinician/ content expert, and a statistician. Both blinded and unblinded data are provided, per the determination of the DSMB. The meeting schedule and content of the DSMB reports are consistent with the guidelines of the funding institute and will be modified and approved as necessary by the DSMB itself. The content of the DSMB reports consists of all relevant trial progress information, safety data, and measures of data completeness and quality.
Discussion
Migraine headaches are one of the most common neurological conditions seen in primary and specialty neurological care. They are often distressing. Despite the availability of several effective preventive and rescue medications, many patients continue to suffer with migraine symptoms as these therapeutics are insufficiently effective for many patients, are often associated with bothersome side effects, and can be very expensive. In addition, many patients prefer interventions that do not involve medications and over which they have control [31] .
MBSR has been shown to provide clinically meaningful benefits with few adverse effects for patients with a wide variety of chronic-pain syndromes such as chronic low back pain [32] [33] [34] and fibromyalgia [35, 36] , among other conditions. To date, however, there are no results from large-scale fully powered clinical trials of an MBSR intervention for patients with frequent migraine headaches. Research into the clinical and biological effects of stress-altering interventions is in the early stages. One small pilot trial (N = 19) found an indication of potential clinical benefits of MBSR [11] . Two additional trials of MBSR among migraine patients are also in progress, including one trial with clinical outcomes and another on cross-sectional imaging outcomes (https://clinicaltrials. gov/ct2/show/record/NCT02695498 and https://clinicaltrials.gov/ct2/show/record/NCT02133209).
Such a trial would require substantial resources and patient commitment. Prior to embarking on such an endeavor, it is prudent to ensure that study methods are robust and will likely lead to a successful, valid phase III clinical trial.
This protocol describes a pilot trial to compare the effect of community-based MBSR classes with usual care to usual care alone as a preventive treatment for patients with moderately severe migraine headaches. The trial is designed to be highly pragmatic, recruiting a community-based sample of participants with few restrictions on adjunctive therapies and using community-based MBSR classes that represent the typical experience of patients who might choose to practice MBSR for migraine prevention. Thus, the patient population and the intervention are likely to be representative of the usual clinical environment in which such an intervention would be offered. Generalizability is also enhanced by the inclusion of multiple independent recruitment strategies, allowing for comparison of alternative recruitment approaches. The study includes a wide range of clinically relevant outcomes and includes a test of the feasibility of digital-sensor technology (actigraphs) to give a better understanding of the physiological responses to an MBSR intervention.
Note that there are several limitations to our approach for this pilot study. First, because we do not have an active comparison arm or attention control, the participants cannot be blinded to their treatment. There may be non-specific or placebo effects associated with the treatment, which we do not want to lose in an analysis of the effectiveness data in a fully powered trial [37] . We did not include measures of expectancy. These should be included in a fully powered trial since they may shed light on observed responses. We accept a clinical diagnosis of migraine for eligibility and did not include a baseline validation by a neurologist or headache specialist. We have also discovered that the time between randomization and intervention-group participants starting their MBSR classes was longer than expected (often several weeks), introducing an imbalance and potential bias from differential follow-up periods. This problem will require a design change in a fully powered study (such as matching follow-up periods for intervention and control participants). We also did not collect detailed data on all potential co-interventions in the control group nor the characteristics of the classes in the intervention group. Finally, we did not include any interventions to promote adherence to the home diary collection. As adherence was a feasibility outcome for this study, if we learn that adherence to completing the diaries is suboptimal, we will include reminders in the fully powered trial.
This pilot trial was designed to replicate, on a limited scale, all of the essential elements of a fully powered effectiveness study of MBSR for patients with migraine, including recruitment, run-in, randomization, application of the intervention, data collection (including all patient-reported outcomes and mechanistic studies), adherence monitoring, retention, study closeout, and regulatory compliance (including a fully constituted DSMB). Lessons learned in this pilot study will be incorporated into the design of future phase III studies. The results of this pilot study will inform future studies of MBSR for migraine and other related conditions, helping ensure that future studies of this promising intervention are valid and generalizable to usual clinical settings.
